The normal coordinate analysis has been applied to the hexachloride and hexabromide of tin, titanium, zirconium and hafnium, using the Urey-Bradley force field (UBFF) and orbital valence force field (OVFF). It is observed that the stretching force constant increases as the oxidation number of the metal increases within isoelectronic series.
Introduction
The orbital valence force field (OVFF) has been rarely applied to XY6 type of molecules 1 ' 2 . Recently, KIM et al. 2 have shown the suitability of OVFF for hexafluoride molecules but none has applied this potential model to hexahalides with the exception of hexafluorides. In the present investigation, we have applied OVFF to some hexachloride and hexabromide anions of IV group elements and have made a comparative study of the results with those obtained by using Urey-Bradley force field (UBFF).
The vibrational spectra and frequency assignments of the hexahalide anions under study were investigated by CLARK et al. 3 for Sn and Ti and by BRISDON et al. 4 for Zr and Hf. Using these vibrational data, the normal coordinate analysis of the hexahalide anions has been carried out.
Using the character central forces between nonbonded atoms and is given by 2 ,
Here K is the bond stretching constant, H is the bending constant and (F and F') are Urey-Bradley constants whereas r0 and q0 are equilibrium metalhalogen and nonbonded halogen-halogen distances respectively.
HEATH and LINNETT 2 improved the UB potential model by introducing a new idea -the angular force constant can not have a simple meaning even for molecules consisting of more than three atoms because one angle cannot change without bringing about a change in the other angles. This model includes stretching constant, K, Urey-Bradley forces (F and F') and an angular deformation force constant D, expressed in terms of the angle between actual positions of ligand atoms and preferred position where the orbital overlap is maximum and is given by 2
where Aßis the angle between the line from the central metal atom to the i-th halogen ligand and the axis of the i-th orbital. Using the similarity transformations after expanding the potential energy expressions (1) and (2), the symmetrized F-matrix for both the potential models are obtained and are given in Table 1 .
Force Constant Evaluation
Wilson's GF matrix method 6 has been used to carry out the normal coordinate analysis. The symmetry coordinates are the same as that of PISTO-RIUS 7 and the kinetic energy matrix elements are taken from our previous work 8 .
The number of force constants to be evaluated is less than the observed fundamentals in either of the force fields. Therefore, the study of the unique potential function of the anions under investigation has been restricted in view of the lack of the useful additional experimental data like coriolis coupling constants or mean amplitudes of vibration for the best fit of the force constants. However, a weighted least square method introduced by MANN et al. 9 was used for fitting the force constants. The initial set of force constants are calculated from one dimensional vibrational species for both the force fields. The elements of the Jacobian matrix were constructed by giving an infinitesimal increment 3/m (0.01 mdyne Ä -1 ) in one of the force constants at a time from the relation 10
where dvn is the corresponding difference between the calculated and observed frequencies. 
and is added to the corresponding initial set of force constants, to give the result m fm, initial •
These improved set of force constants were used to construct the new Jacobian for the next iteration. This procedure is repeated till all the force constants converge to a definite value i. e. the next contribution to the force constants is negligible to effect a change in the calculated frequencies. In Eq. (4), W is the diagonal weight matrix whose elements are the reciprocals of the square of the observed fundamentals. The calculations were carried out on a computer IBM 1620. The observed fundamentals and the calculated force constants and fundamental frequencies using both the force fields are given in Table 2 .
Results and Discussions
Using both force fields it is found that the calculated vibrational frequencies are very close to those observed for Sn, Zr and Hf hexahalide anions under investigation but the fitting is not as good for those of TiCl6 -2 .
The evaluated force constants using both the force fields, show a definite trend. The stretching force constants (K) are higher for hexachloride anions as compared to the corresponding hexabromide NORMAL COORDINATE ANALYSIS OF SOME HEXAHALIDE ANIONS anions of the same metal. This is expected because of the lower internuclear distance of hexachloride, than the hexabromide anions of the same metal and higher electronegativity for chlorine than bromine.
The anions under investigation can also be studied according to the electronic configuration of the central metal atom (see also n ). The calculated stretching force constants for hexahalide of Nb, Mo, Ta and W metals are included in Table 3 . On comparing the stretching force constants of Zr, Nb and Mo hexahalides on one hand and of Hf, Ta and W hexahalides on the other, it is concluded that tive charge decreases. This trend is observed by tion number of the metal increases, i. e. as the negative charge decreases. This trend is also observed by other workers 12-14 also. A similar trend has been found by the present authors using the general valence force field for these hexahalide anions 15 .
In view of the small differences in the magnitudes of the nonbonded repulsion force constants F, for the anions studied, nothing definite can be said about them.
